ABSTRACT
INTRODUCTION
The diagnosis of testicle torsion is still challenging. Physical history, clinical examination and ultrasound (DUS) are valuable in the evaluation of the patient (1, 2). Still, only fourth of the patients actually need emergency surgery (3). Although colour DUS can exceed 90% in sensitivity and specificity, its reliability varies depending on the experience of the radiologist (4). Findings on early torsions of spermatic cord as well as on twisting testicles may be confusing.
Dynamic contrast enhanced (CE)-magnetic resonance imaging (MRI) is a promising new modality for detecting acute scrotal problems and in distinguish-ing testicular and extratesticular disorders (5). Cheng and associates (6) found in their animal studies that relative blood volume measurements by MRI using a special blood pool marker should improve the diagnosis of testicular torsion in the acute setting. Watanabe et al. (7) examined 14 patients with testicle torsion with a dynamic CE-MRI and found 100% sensitivity in cases of complete torsion. The study did not include any other testicle conditions causing acute scrotum.
We tested an MRI based imaging modality to measure the testicle blood flow quantitatively in order to evaluate its ability to differentiate testicle torsion from other causes of acute scrotum. We employed CE-dynamic MRI using gadopentetate dimeglumine and diffusion-weighted MRI, which has previously been characterized with a rat model (8, 9). Time-signal intensity curves were created for affected and contralateral testicles. Finally, the diagnoses based on clinical, DUS and surgical findings were compared with the MRI findings.
MATERIAL AND METHODS

PATIENTS
The research protocol was approved by the local ethical board. Young men and boys older than seven years with acute scrotum were asked to join this prospective study during the time period from October 2001 to December 2005. 17 patients were willing to participate. The median age of the patients was 16,4 years (range 7 to 44). Eleven patients were under 18 years. The right and left testicle were affected in ten and seven cases, respectively. The onset of the scrotal pain varied from six hours to 30 days (mean four days).
The patients went through physical examination by a surgeon, laboratory tests (blood cell count, CRP and urine sample) and DUS study by a radiologist. As soon as possible, the patients were scheduled for urgent dynamic CE-MRI. Gadolinium was given prior to the examination. Neither medication or anaesthesia was needed. A dynamic MRI study lasted 5 minutes and the total time of the visit in the MRI-unit varied from 15 to 30 minutes, which did not delay the treatment of the patients. Those patients (n = 9) with a high suspicion of testicular torsion were operated on; decision was based on the evaluation of clinical findings and DUS.
MR IMAGING
Magnetic resonance imaging was performed with a conventional 1.5 T scanner (GE Medical Systems Signa Horizon Echospeed, Milwaukee, WI, USA) using a general purpose flexible surface coil. The patient was placed supine with testicles centred on the flexible coil. After coronal T1-weighted gradient-echo localizer an axial T2-weighted fast spin-echo series was obtained with echo train length of 18. TR (time of repetition) was 4000 ms, TE (time of echo) 113 ms and NEX (number of excitations) four. Matrix size was 256, field of view 30 cm, and slice thickness 4 mm, intersection gap 1 mm. Diffusion-weighted (DW) imaging was performed with single shot spin-echo EPI (echo planar imaging) sequence. The sequence was sensitized to diffusion by activating the gradients in each of the three principal axes with sensitizing factor b values of 0 and 1000 s/ mm². The other imaging parameters of the DWI sequence were TR 10000 ms, TE 95 ms, field of view 30 cm, slice thickness 5 mm, and matrix size 128 x 128. Fast spoiled gradient-recalled echo (FSPGR) sequence was used to measure the contrast enhancement of the testicles. The sequence was started 15 s before the contrast bolus (20 ml, 469 mg/ ml, Magnevist, Schering AG, Germany) was manually injected. A single oblique coronal slice was positioned to cover the central part of the both testicles. The parameters of the FSPGR sequence were TR 10 ms, TE 3 ms, field of view 28 cm, matrix size 256 x 192, and slice thickness 5 mm. The time resolution of the dynamic sequence was 2 s and data collection time 280 s. DW and dynamic CE-images were transmitted to a separate workstation (Advantage Windows 4.0, GE Medical Systems, Paris, France) for further analysis.
DATA COLLECTION AND ANALYSIS
Apparent diffusion coefficient (ADC) maps were generated with a commercially available Functool-software (GE Medical Systems, Paris, France). The average of the ADC values were computed from two to five slices by region of interest (ROI) analysis of the central part of the testicles. The central slices were used to minimize the effect of distortions generated by the single shot echo planar imaging to the edge slices. Dynamic contrast enhancement curves were generated by positioning the ROI on the testis and computing the average signal intensity as a function of time. Finally, the diagnoses based on clinical, Doppler ultrasonic and surgical findings and were compared with the MRI findings.
RESULTS
The conventional T1 and T2 images could not detect pathology and thus were not diagnostic. But contrast enhancement in MRI could be analyzed accurately in all patients. Three patients had a torsion of spermatic cord, which could also be demonstrated with MRI. Figure 1A shows an almost non-existent gadolinium contrast accumulation on the affected right side and rapid contrast enhancement on the contralateral side. The patient had had symptoms for two days, thus the right testis was necrotic and had to be excised and left testis detached to the scrotal fascia. Unfortunately, in all cases the affected testis was already in necrosis and could not be salvaged. MRI diagnosis was accurate in all of these cases. Also DUS showed no circulation in these testicles. Figure 1B shows T1 image of torsion of right testis.
There were six other patients who were operated on because of acute scrotum. Decision was made both on clinical and DUS findings. In these patients the DUS showed normal testicular circulation in 4 affected testicles, impaired circulation in one testicle and no blood supply in one case. Peroperative findings were two torsions of appendix testis, two twisted testes with spontaneous detorsions, one hydrocele and one haematoma of spermatic cord. The enhancement curves with MRI were consistent with operative outcomes. Eight of the 17 patients in the study were treated non operatively based on clinical findings and DUS and their diagnosis was confirmed without exploration: four had epididymitis, two testicular pain of unknown aetiology, one contusion of testis and one idiopathic scrotal oedema (table 1) MRI findings were consistent with clinical history and physical examination; also the affected side had a good gadolinium contrast accumulation.
A representative contrast accumulation curve of a ten year old with epididymitis can be seen on figure 2A. There had been pain, redness and oedema for two days in right scrotum area without trauma and the boy was treated conservatively. Figure 2A demonstrates hyperaemia, increased testicular hyperperfusion of the affected (right) side. Figure 2B shows T1 image of epididymitis of right testis.
There was a trend towards restriction of water diffusion as measured by ADC values, but the disparity was not statistically significant.
The torsion of testicular appendage was also demonstrated by MRI. A nine year old boy had had pain, tenderness and oedema in the left scrotum area for three days. Doppler ultrasound was performed on the first day and circulation of the testis was assured; epididymal region was enhanced leading to a clinical diagnosis of epididymitis. However, two days afterwards because of severe oedema and pain, an operation and exploration was performed. Torsion of testicular appendage was found and treated ( figure 3A) . As with the case of epididymitis (figure 2A), torsion of testicular appendage leads to hyperperfusion of the affected side. Figure 3B demonstrates T1 image of torsion of left testicular appendage. 
DISCUSSION
Acute scrotum is not an unusual clinical diagnosis among young boys and men. Approximately one in 4000 males will have testicular torsion by the age of 25, mostly between 12 and 18 years of age (10) . MRI is a highly specific and sensitive imaging modality for evaluation of scrotal pain (11) . Testicular torsion could be found by distinguishing the whirlpool pattern and the knot in spermatic cord. When MRI is performed with contrast enhancement, also ischemia caused by torsion of a testicle can be detected. Our research group has earlier successfully shown that diffusion weighted CE-MRI is 100% sensitive in diagnosing testicular ischemia in rats (8,9). This study was conducted to test the same method as a diagnostic tool in humans with acute scrotal pain. We have adjusted parameters suitable for dynamic MRI in a clinical material.
In the present study, young men and boys with acute scrotal pain were evaluated with dynamic CE-MRI in addition to a routine physical and ultrasonographic examination. Testicular ischemia was found in three patients with testicular torsion by comparing the ROI values between the testicles; a testicle with a normal blood supply showed an increasing signal intensity after iv-gadolinium injection, while an ischemic testicle gave only base-line consistent signal. The ROI values are displayed as a curve showing the average signal intensity as a function of time. A clinician with no specific knowledge on MRI can easily see the difference between a flat ROI curve of a testicle with torsion and an ascendant normal curve of the contralateral testicle. To our knowledge this is the first study that demonstrates a clear lack of dynamic contrast enhancement in testis torsion patients. Fur-thermore other common reasons for acute scrotum were also investigated with MRI: scrotum with epididymitis or torsion of appendage testis manifested by hyperperfusion when compared to the contralateral side. This phenomenon, however, might be caused by inflammation and increased circulation in structures around the testicle which is difficult to outline from ROI.
Although DUS is widely used for finding disorders in circulation it is reliable only in 90 % of cases with acute scrotum (4). Terai et al (12) concluded that MRI could not rule out intermittent torsion and the specificity of MRI was less than 100%, underlining the importance of good clinical examination. The MRI used was T2-weighted images with gadolinium injections. Our findings were equal; detorsion could not be distinguished.
Dynamic CE-MRI has been shown to have a better contribution to diagnostics. Watanabe (7) found sensitivity of 100% for dynamic CE-MRI and 75% for T2-weighted imaging with complete testicular torsion. In our study dynamic CE-MRI showed no enhancement of affected side with cases of testicular torsion and necrosis. There were six other patients who were operated on because of acute scrotum. In these patients the DUS and the dynamic CE-MRI showed normal testicular circulation in four testicles, but based on clinical findings a clinician made a decision for scrotal exploration. In two patients testicular circulation seemed to be poor by DUS but normal by dynamic CE-MRI. One of the patients had spontaneous detorsion of the twisted testicle between the examinations, but the other one had epidymitis. So, in this study accuracies of DUS and dynamic CE-MRI were 94% and 100%. The Diffusion-weighted images are widely used in neuroimaging, especially in detecting acute ischemia. Otherwise there is scarce documentation of the effect of ischemia on parenchyma organs and we neither found out considerable results.
Although MRI could be a valuable diagnostic tool in avoiding unnecessary surgery, its utilization has limitations. Availability of an urgent MRI study by an experienced radiologist may be difficult and younger patients need sometimes anaesthesia for MRI, which makes MRI less preferable compared to DUS (13) . In this study, DUS revealed ischemia in all three testicles with torsion but in six patients a torsion couldn't be excluded in certain by DUS and these patients were operated on.
The challenge of distinguishing true testicular torsions from other causes of acute scrotum still remains. As soon as the patient with acute scrotal pain arrives at the surgical unit, careful history, good physical examination and clinical evaluation together with DUS is still a golden standard. In some cases, however, when there is a bias between clinical and DUS findings or especially when the exploration of the scrotum is not desirable e.g. because of poor skin condition, trauma or possible infection inside the scrotum, a diffusion weighted CE-MRI could assist in making decision of operation. The poor availability of MRI decreases its present value in clinical practise; but in selected cases its outstanding accuracy makes it an interesting addition to the present diagnostic armamentarium.
